The Val34Leu polymorphism of coagulation Factor XIII gene shows a controversial relationship with homeostatic pathologies. Some studies have evidenced ethnic heterogeinity in its distribution but no patterns of genetic variability have been described so far; likewise, reports concerning admixed American populations remain scarce. We analyzed the diversity of inter and intragroup frequencies of the Leu34 using the estimators Dm and Gst', on data reported for populations classified into five genetic/geographic groups and also publish its frequencies in three Venezuelan populations, correlating these values with their levels of admixture. We confirm ethnic heterogeneity in the prevalence of Leu34 (Gst`=10.41%), yet important intra continental group variations must also be considered. Their frequency in American admixed populations varies as a function of their parental contributions. Clarifying the degree of variability of this polymorphism, together with other aspects of homeostasis, should lead to a better understanding of different geographical patterns of coagulation disorders manifestations.
INTRODUCTION
Several studies that have been carried out on diverse human populations to analyze the molecular bases of deficiencies of the blood clotting Factor XIII have led to the identification of five frequent polymorphisms located on the exonic regions of the gene which encodes for the A subunit of the plasmatic Factor XIIIA. One of those polymorphisms is the SNP (ie, single nucleotide polymorphism) Val34Leu, consisting in the substitution of guanine by thymine on exon 2 of the gene encoding this subunit, which in turn changes the aminoacid Valine by Leucine in the position 34 of the protein, three amino acids away from the site of activation by thrombin 1 , 2 , 3 . FXIIIA Val34Leu is a frequent polymorphism that has been related to higher levels of transglutaminase activity; while the biochemical consequences are not yet well understood, it has been reported that activation of FXIIIA by thrombin occurs 2 to 3 times faster in the presence of the Leu34 variant, seemingly by alterations of fibrin cross linking. In some populations this molecular variant shows a relationship with the occurrence of thrombotic and hemorrhagic processes, conferring protection against myocardial infarction and venous thromboembolism, and predisposing to intracranial hemorrhage 4 , 5 , 6 , 7 , 8 . Also, various studies performed on diverse human groups have revealed a wide variability for this polymorphism. Available reports indicate that the Leu34 allele does not predominate in any of the tested populations but it shows noticeable variations in frequency, with high values in Amerindians, followed by Europeans and lower values in Africans and almost nil in Asians 1 , 9 , 10 . Based on such findings some authors agree that this polymorphism shows a frequency level related to ethnic groups but it does not represent an important genetic marker of populations. Little work has been done on American hybrid or urban populations and data are restricted to the US and Brazil 5 , 9 , 11 , 12 . Both countries emerged from the confluence of European, Amerindian and African population groups which were differentially involved in the colonization process which in turn led to a great genetic heterogeneity.
Preceding studies have pointed out the importance of adequate sample selection to evaluate frequency distributions of various polymorphisms in apparently healthy populations, prior to analyses of relationships with any kind of pathology. Particularly, with high proportions of racial admixture, mistakes of interpretation may be inherent to the process of genetic stratification of such populations 13 , 14 , 15 , 16 . For this reason and in order to minimize such errors, some researchers have preferred to restrict their samples to individuals from the same ethnic group 8 . The geographic distribution of the Leu34 variant may explain at least in part, the expressions of blood-clotting disorders in different population groups 9 , 10 ; although despite the high relevance of Val34Leu in epidemiological studies, little is known regarding its variations in populations from similar origins 17 . The aim of this study was to elucidate the genetic differentiation patterns of the Leu34 allele, analyzing its frequency distribution as reported for various worldwide populations. We also publish the frequencies of this polymorphism in apparently healthy urban people from three States of Eastern Venezuela, trying to correlate these values with their levels of racial admixture.
POPULATIONS AND METHODS

POPULATIONS
Frequency analyses of interpopulation diversity of this polymorphism were performed on data reported for apparently healthy control populations from several different geographic areas. Those populations were classified into five genetic/geographic groups: Europeans (N=3448), Africans (N=99), Asians (N=144), Native Americans (N=164) and American admixed (N=938) ( Table 1 ). To study the three eastern Venezuelan populations, after approval by the IVIC (Instituto Venezolano de Investigaciones Científicas) Ethics Committee, we selected blood donors and other healthy volunteers. In previous works we have reported genetic differences between Venezuelan regions 18 , 19 ; therefore, in order to attain the highest genetic homogeneity in our samples we chose 186 biologically-unrelated individuals with parents and grandparents from the States of Monagas (N=41), Nueva Esparta (N=45) and Sucre (N=100), in northeastern Venezuela. All individuals gave informed consent to participate in this study.
METHODS
For the Venezuelan samples DNA was isolated from 5-ml samples of peripheral blood, following standard procedures 20 . The Val34Leu system was amplified and digested by PCR-RFLP using Mse I as restriction enzyme, as prescribed by Franco et al. 5 . Admixture estimates were based on frequencies of blood groups ABO and RH (C, D, E) which were typed using standard procedures.
STATISTICAL ANALYSES
To obtain a measure of Leu34 gene differentiation for groups of populations, two estimators were used, Dm (interpopulation gene diversity) and Gst' (proportion of total genetic diversity explained by the diversity between subpopulations, corrected by the number of groups compared) 21 , 22 ; the DISPAN program 23 was used for this purpose. Genetic frequencies of Val34Leu for the Venezuelan populations were estimated by direct counting. For ABO and Rh the MAXLIK program was used, based on a maximum likelihood approach 24 . Hardy-Weinberg equilibrium was analyzed based on a χ 2 -test using the same program. The degree of admixture, was calculated using the gene identity method 25 with the ADMIX3 program; frequencies of the parental populations needed for this calculation were described elsewhere 26 .
RESULTS AND DISCUSSION
Most studies dealing with Val34Leu frequencies have been done on European populations but little attention has been paid to regional and ethnic features of the individuals comprising the studied samples, thus narrowing the scope for broad conclusions. Review of the frequency distributions of the five ethnic/geographic groups chosen for the present analysis (Table 1) confirms that the highest values for the Leu34 allele correspond to native American people, with an average of 29.3%, followed by Europeans (25%) and Africans (18.1%) and the almost inexistence of this allele in Asians (0.6%). These values reveal an important pattern of genetic variation among main genetic/geographic groups, where the only allele frequencies not significantly different between each other were those between Europeans and Amerindians (p=0.1), in accordance with a previous study by Attié-Castro et al. 9 . Table 2) , showing that genetic diversity and differentiation between these groups is higher than that observed for intra-continental/geographic comparisons. This result resembles those reported for some STR loci 27 and confirms an ethnic heterogeneity in the prevalence of the Leu34 allele. 28 , 29 . Such considerations have led to suggest that it is an old mutation which appeared in humans prior to the African/non-African racial divergence 9 , with subsequent variations throughout continents due to complex population and evolutionary processes. The groups belonging to the American admixed populations deserve special attention, as they have a shorter genetic history as the product of genetic exchanges between the other four groups thus far considered. The few available reports concern populations from the US and from Brazil, plus the data published here for Venezuela, with an overall wide range of allele Leu34 frequencies together with an intermediate coefficient of diversity Gst` of 1,97%. The kind of racial admixture experienced by those populations explains in part their frequency distribution. Thus, the highest Leu34 values correspond to whites from Washington (26%), analogous to their northern-European ancestors 7 .
The data published by Attié-Castro et al. 9 This report represents the first approach for a populational study of the Val34Leu polymorphism. Previous data on frequencies for allele Leu34 came from healthy control groups in epidemiologic genetic studies, and this condition might produce some bias on allele frequency estimation. In our analysis, we used a wider number of European populations than those used in previous reports, and we evaluated the population diversity of allele frequencies with interpopulation gene diversity Dm and population genetic differentiation index (Gst`), which gives a clearer picture of the Leu34 distribution among Caucasoids.
In recent years various researchers have agreed to use the terminology "population genetic stratification" to refer to genetic features resulting in populations which are continuously subjected to racial mixing, or in those which have become mixed more recently, that is, those whose genetic structure has been modified only a few generations back 16 , 32 , 33 . In this sense, the current populations of the American continent show a wide heterogeneity, both between and within them, which translates into a broad genetic stratification; in some circumstances this could lead to wrongly associate some loci with diseases or other disorders 34 . Hence, in such association studies care should be taken to avoid false interpretations 35 , 36 . The Leu34 allele cannot elude this heterogeneity effect in its geographic and ethnic distribution in the Americas, as reflected by its interpopulation diversity coefficient, Gst`=1.97. The ethnic heterogeneity of the distributions of some related polymorphisms, besides that of Val34Leu, has already been documented by various studies of cardiovascular diseases 37 , 38 . Hence, it becomes important to elucidate the degree of variability of the genes involved to understand the diverse patterns of pathologies of the haemostatic system.
To conclude, the overall results indicate that whereas Val34Leu does not yield conclusive information regarding genetic affinities, however reveals differences between human groups with differing genetic origins and its frequency in mixed American populations varies in relation to their parental contributions. This polymorphism is associated with both thrombotic and bleeding pathologies and its functions ought to be assessed together with other polymorphisms associated to homeostasis, as well as their geographic and population heterogeneities. This should help to diminish any biases brought about by genetic stratification effects on populations with heavy proportions of racial admixture.
